Membranes from Prrracoccus halodenirrificuns contain an ATPase that is most active in the absence of NaCI. The most unusual characteristic of the enzyme is its pattern of sensitivity to various inhibitors. Azide and rhodamine 6G, inhibitors of F,F,,-ATPases, inhibit ATP hydrolysis as do bafilomycin A,, concanamycin A (folimycin), N-ethylmaleimide, and p-chloromercuriphenylsulfonate which are inhibitors of vacuolar ATPases. This indiscriminate sensitivity suggests that this ATPase may be a hybrid and that caution should be exercised when using inhibition as a diagnostic for distinguishing between F, F,-ATPases and vacuolar ATPases.
Introduction
There is a paucity of information concerning ATPases from moderately halophilic bacteria. The two that have been described are significantly different. Membranes from Vibrio costicola contain a DCCD-sensitive enzyme that is activated by NaCl and is unstable in the absence of this salt [l] . The ATPase from Ectothiorhodospira halochloris is relatively insensitive to DCCD and is stable as well as most active in the absence of added NaCl [2] . In an earlier study, the intracellular ion fluxes in Paracoccus halodenitri$cans were correlated with changes in the activity of a membrane-bound ATPase [3] . While characterizing this activity, the enzyme was TNM buffer that was 1.1 M with respect to glycerol and designated the membrane fraction.
Assays
ATPase activity was determined at pH 8.95 by measuring the production of Pi in a reaction mixture that contained the following additions (in vmol) in a total volume of 1 ml: CHES.Na (50), NaCl when added (500), ATP (lo), MgCl, (5), and the membrane fraction. Membranes were first incubated in the assay buffer for 2 min at 30°C after which MgCl, and ATP were added as the MgATP complex. The reaction was terminated by the addition of 1 ml of cold ( < 4°C) 10% trichloroacetic acid and denatured protein was removed by centrifuging at 6°C for 5 min at 3000 X g. Pi was determined by the method of LeBel et al. [4] . All reported values are corrected for any Pi produced from ATP in the absence of membranes or associated with the membrane fraction. Inhibition experiments were carried out by incubating membranes and the inhibitor at room temperature in the assay buffer for 30 min in the dark before determining enzyme activity as described above. Controls were treated in an identical manner except that the inhibitor was replaced with the solvent in which the inhibitor was dissolved. Protein was determined by the Lowry method in the presence of 0.1% (w/v> SDS using bovine serum albumin as the standard. Western blots were run as described by Harlow and Lane [5] using antiserum prepared against an Escherichia coli F,.
Chemicals
Na, ATP (99-lOO%), bovine serum albumin (fraction V>, N-ethylmaleimide (NEM), p-chloromercuriphenylsulfonate (PCMS), and dicyclohexylcarbodiimide (DCCD) were products of the Sigma Chemical Company (St. Louis, MO). Rhodamine 6G was obtained from Eastman Kodak. CHES, protein A, and colloidal gold were purchased from Bio-Rad laboratories (Hercules, CA). Concanamycin A (folimycin) was a generous gift from Dr. A. Takatsuki. Bafilomycin A, was purchased from K. Altendorf (Osnabrlick, Germany). The concentration of these inhibitors was determined spectrophotometrically using the extinction coefficients reported by Driise et al. [6] . All other chemicals were obtained from the usual sources. Antibody directed against E. coli F, was donated by H. Stan-Lotter. The E. coli F, was prepared as described by Bragg and Chou [7] .
Results and discussion

Properties of the membrane-bound enzyme
The ATPase was most active when membranes were assayed in the absence of added NaCl with activity decreasing biphasically with increasing concentrations of NaCl (Fig. 1) . The transition occurred at about 250 mM NaCl where the activity was about 40% of maximum. Thereafter, the activity decreased more slowly so that at 930 mM NaCl the activity was about 30% of the maximum rate. Replacing NaCl with KC1 did not materially alter the response although the activity in the presence of KC1 was slightly greater. The increased activity in the absence of salt was not due to a change in vesicle orientation since membranes assayed in the presence of 1 M on ATPase activity. Membranes (330 pg protein) were assayed for 10 min in 50 mM CHES.Na pH 8.9 buffer that contained the indicated concentrations of NaCl co), KC1 (0). or NaNO, (A ). 1.45 Fmol of P, was produced in 10 min when membranes were assayed in the absence of added NaCl (Na+ = 35 mM). (0 ) with respect to NaCI, or in TNM buffer that was I.1 M with respect to glycerol (0). Membranes were also incubated at room temperature in TNM buffer (0). The initial specific activity of the membrane-bound enzyme was 146 nmol P, min-' (mg protein)-' when assayed in the presence of 500 mM NaCI.
NaCl exhibited NADH oxidase and dehydrogenase activities [S] indicating that they had an 'inside-out' orientation. NaNO, affected ATPase activity in the same manner as did NaCl when NaNO, was less than 500 mM implying that the effect of salt concentration was related to the cation concentration. At higher NaNO, concentrations, the inhibition was greater than what could have been accounted for by the Na + concentration and suggested that NaNO, was acting as a chaotrope [9] . The Paracoccus ATPase (Para-ATPase) slowly lost activity when stored in TNM buffer (Fig. 2) . Half-lives of 5 and 8 days were observed when the enzyme was stored at 4°C and 22°C respectively. The enzyme was even more unstable when stored at 4°C in TNM buffer that was 3 M with respect to NaCl, losing half of its activity after 24 h. Less than 10% of the initial activity was lost after 9 days when membranes were stored at 4°C in TNM buffer that was 1 .l M with respect to glycerol. This cold sensitivity, particularly in the presence of a neutral salt, and the stabilizing effect of glycerol, was previously observed with beef heart mitochondrial ATPase and was ascribed to the dissociation of the enzyme into its subunits [IO] .
Inhibition of ATPase acticity
The Para-ATPase was not inhibited by vanadate (10 mM), oligomycin (50 PM), or nitrate ( < 500 mM, see Fig. 1 ). The sensitivity of the enzyme to other ATPase inhibitors was affected by NaCl, but there was no relationship between the presence of salt and inhibition (Table 1) . DCCD inhibited the Para-ATPase, but only when NaCl was present. The inhibition went through a maximum (80% between 25 and 50 PM DCCD). Azide [ 1 I] and rhodamine 6G [12] , which inhibit F-ATPases, inhibited the Para-ATPase. The former was more effective in the absence of added NaCl whereas the opposite situation obtained with rhodamine. NEM and PCMS also inhibited the Para-ATPase but in a complex fashion (Fig. 3) . Low concentrations of both reagents stimulated ATPase activity when the membranes were assayed in the presence of NaCl (< 5 PM PCMS: < 250 PM NEM). The maximum stimulation was about 2-fold and 30% in the presence of PCMS and NEM. respectively. The enzyme appeared to be less Table 1 Effect of NaCl on the inhibition of ATPase activity Membranes (333 pg protein) were incubated in the presence of the indicated inhibitors and assayed for residual activity as described in Section 2. I,, ( (the inhibitor concentration that produced a 50% inhibition) was determined from plots of residual activity as a function of inhibitor concentration. " Assayed in the presence of 1% methanol. which had no effect on ATPase activity. h No inhibition from 25 to 100 /.LM DCCD. ' Assayed in the presence of 2% DMSO. which had no effect on ATPase activity. d ND, not determined. 140 (1996) (0) or without (0) NaCl and subsequently assayed for ATPase activity as described in Section 2. Inset: Inhibition of ATPase activity by NEM. Membranes were incubated as described above except that PCMS was replaced with the indicated concentrations of NEM. In both cases, 600 nmol and 1.75 pmol of P, were produced when the assay was carried out in the presence (0) or absence (0) of NaCl and when either inhibitor was not present. sensitive to PCMS in the presence of NaCl. This disparity disappeared when the stimulation was taken into account whereas the enzyme was less sensitive to NEM in the presence of NaCl. The Para-ATPase was also affected by bafilomycin and concanamycin (Table 1) 
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The NaCl-dependent responses implied that P. hulodenitrificuns either possessed two ATPase activities (e.g., an F-and a V-ATPase) as is the situation in Enterococcus hirue [ 15, 161 or that membranes contained a single enzyme whose behavior was affected by the presence of NaCl. The presence of two ATPases did not seem likely since Paracoccus membranes reacted with antiserum raised against E. coli F, ATPase (Fig. 4) but not with antisera to subunits I or II from the V-like ATPase from H. sacchurowrum ATPase. This antiserum recognizes the homologous subunits of the V-ATPase from Neurosporu crassu [ 171.
The F, moieties of several bacteria are solubilized after membranes are suspended in solutions of low ionic strength, a process that also results in the loss of DCCD sensitivity [ 181. In order to ascertain if a similar phenomenon could explain the behavior of the Para-ATPase, membranes were incubated in buffer lacking NaCl and then centrifuged to sediment the membranes. The distribution of ATPase activity and protein in the membrane and supematant fractions was compared with similar fractions obtained when membranes were suspended in buffer that was 500 mM with respect to NaCl. The results of a typical experiment are summarized in Table 2 . In the case of membranes maintained in buffer containing 500 mM NaCl, all of the activity and virtually all of the protein was still associated with the membrane fraction. In the case of membranes suspended in buffer lacking NaCl, approximately 81% of the recoverable ATPase activity and 14% of the protein was found in the supematant fraction. The inhibitor sensitivity of the residual ATPase activity associated a3 : " Membranes (3 1 mg protein) were suspended in 50 mM CHES.Na pH 8.9 buffer that was 500 mM with respect to NaCI while an identical sample (b) was suspended in 50 mM CHES.Na pH 8.9 buffer. In this case. the NaCl concentration was 35 mM. After 2 min of incubation at room temperature, both samples were centrifuged at 6°C for 60 min at 144000X g. The supematant fractions were decanted and both pellets were made up in TNM buffer. ATPase activity was assayed in 50 mM CHES.Na pH 8.9 buffer (there was no change in the distribution of ATPase activity when the assays were carried out in 50 mM CHESNa/500 mM NaCl pH 8.9 buffer). ATPase activity is expressed as ymol P, produced after IO min of incubation.
with the 'depleted' membranes was similar to that of the membranes maintained in buffer that containing NaCI. The ATPase activity in the supematant fraction was not affected by DCCD (100 PM) but was inhibited by NEM, PCMS, and azide. The 'soluble' enzyme was relatively unstable when stored at 4°C in the absence of NaCl which is similar to the behavior of the ATPase from V. costicola [l] and mitochondrial F, but unlike the ATPase from E. halochloris [2] . Western blots of membranes using E. coli F, antiserum detected two bands that corresponded to the (Y and p subunits. In the case when membranes were suspended in buffer lacking NaCl, these bands were diminished in the membrane fraction and enriched in the supematant fraction (Fig. 4 ) which is consistent with the notion that the ATPase activities in both fractions represented the same entity.
The most unusual property of the Para-ATPase was its sensitivity to inhibitors of F-and V-ATPases. NEM is a specific inhibitor of V-ATPases [19] and inhibits the V-like bacterial Na-ATPases [ 16, 201, while NEM and PCMS 
inhibit the V-like ATPases of
Haloruhrum saccharorwxm [21] and Sulfol~bus soljataricus [22] . Bafilomycin and folimycin, which inhibit V-ATPases but not F-ATPases [13, 23] , also inhibited the Para-ATPase. In the case of V-ATPases, NEM reacts with a highly conserved cysteine residue located in the nucleotide-binding region in the catalytic subunit [24] . In F-type ATPases, this cysteine is replaced by a valine [25] which accounts for the lack of NEM sensitivity of F-ATPases. Interestingly, NEM inhibits an E. coli F-ATPase where this valine, located in the p subunit, is replaced by cysteine [26] . The sensitivity of the Para-ATPase to NEM (and PCMS) could reflect such a cysteine for valine substitution, and if this is so suggests that the Put-ucoccus enzyme may be a naturally occurring example of this laboratory mutation.
The proton-translocating ATPases are believed to have originated from a V-like common ancestor [27] and it is tempting to speculate that the Para-ATPase, which appears to be a chimeric enzyme, may represent an ancestor of the V-and F-ATPases to the extent that sensitivity to various inhibitors defines these ATPases. We are currently attempting to purify the Pamcoccus enzyme with the goal of addressing this issue. 
